Objective: Neonatal parenteral nutrition (PN) is designed for very low birth weight infants (BWp1500 g) for whom enteral feedings are inadequate. Evaluating the clinical practice guidance (CPG) content of printed paper order forms could provide a baseline for comparison and serve as a reference for electronic neonatal nutrition order design systems.
Introduction
Providing appropriate, safe nutrition to preterm very low birth weight infants (VLBW; birth weight <1500 g (about 3# 3oz)) is an important aspect of their hospital recovery. 1 The majority of VLBW infants receive several weeks of parenteral nutrition (PN) 2 during periods when enteral feedings provide insufficient nutrition. 3 Neonatal paper PN order forms usually are designed and developed by individual institutions' health care staff. Paper PN order forms are completed manually and forwarded to the PN pharmacy for preparation. Nutrition ordering guidance can be included on paper order forms to recommend nutrients and doses, or offer short computational formulae. However, manual completion and processing of paper infant PN order forms to design VLBW PN increases the likelihood for handwriting and computation errors. 4, 5 This study was developed to evaluate the clinical practice guidance (CPG) content of currently used printed paper PN order forms. This evaluation was conducted because most neonatal PN order forms contain some CPG, and the neonatal clinical environment is migrating from paper-based to electronic order entry systems. The purpose was to describe the variability of neonatal nutrition CPG and offer practical suggestions as the electronic physician order entry systems are developed. This report describes development of a CPG evaluation system and its application to neonatal PN order forms.
Methods
Paper PN order forms used by nine neonatal intensive care units (NICU) in North Carolina that routinely provide care for VLBW infants were collected to evaluate the CPG content by a group of expert pediatric and neonatal health care providers. Institutional NICU representatives were interviewed regarding the number of annual VLBW infant admissions and the staffing and experience of neonatal nutrition support available in the NICU. Members of the expert group were chosen for their experience with clinical neonatal care and their knowledge of neonatal nutrition. They included two neonatologists, one neonatal nutritionist, one neonatal nutritionist/lactation consultant, one pediatric surgeon and one pediatric gastroenterologist. The author did not participate as a reviewer.
Paper PN form evaluation scoring system The CPG Scoring system was derived from Rowe Wyatt et al. 6 who described the effects of Manual Paper Reminders on clinical practice and patient outcome. Their systematic review of 22 randomized, controlled studies with 41 000 patients identified two factors that predicted the likelihood a paper reminder would affect the practitioner's clinical point-of-care decision making: (1) does the reminder provide generic or patient-specific guidance? and (2) is the health care provider required to provide a response? Using these two factors, a CPG System was developed to score the practice guidance content of paper PN order forms. The final CPG scoring system identified four gradations of CPG ranging from a nutrition reminder only (value ¼ 1) to a nutrient recommendation specific to an individual patient (value ¼ 4), Table 1 .
Paper PN form evaluation scoring sheet Evaluators completed a scoring sheet for each paper PN form which listed: (a) the CPG scoring system instructions and examples described in Table 1 , (b) Visual Analog Scales 7 to score the PN form clinical guidance content for the six most common PN components: amino acids, carbohydrate, lipid, electrolytes, minerals and vitamins, (c) a Visual Analog Scale to score 'userfriendliness' of the paper PN form and (d) estimated time to complete the form by the health care provider ( Figure 1 ). Institutional identifiers were removed from each paper PN order form. Evaluators marked along the Visual Analog Scale to indicate the clinical guidance content for each parenteral nutrition component and user-friendliness of the paper form from 1 (least) to 4 (most). The amount of time each reviewer spent performing the evaluation also was recorded.
Data analysis
Evaluation scores were recorded in a dBase3 þ database and statistically evaluated using Crunch software (Oakland, CA). The data were analyzed to describe sample mean, standard deviation and range. Analysis of variance was used to evaluate the independence of the paper PN order forms and the order form's average CPG Score. Spearman's correlation for non-normally distributed data 8 was applied to determine the correlation between average Clinical Guidance Score and user-friendliness. Cronbach's a 9 was determined for each PN component to gauge internal consistency of the scoring system. This project was approved by the Wake Forest University School of Medicine Institutional Review Board.
Results
The six evaluators were 46. 0±8.6 (37-60) (mean±1s.d. (range)) years old and had 20.2±9.3 (12-34) years of clinical experience. All six evaluators completed evaluations for each of nine separate parenteral nutrition forms and spent 43.3±25.6 min performing the PN form evaluation. The nine institutions reported 200.3±70.2 annual VLBW infant admissions with a median of 186 admissions per year. Six of the participating institutions had neonatal nutritionists as part of their regular NICU staff during the previous 2 years, three did not. All paper PN order forms used in the NICU were internally generated at each facility.
The average overall CPG Score for the six PN components on all nine PN order forms was 1.85±0.68 (1.09-2.51), n ¼ 324. The parenteral nutrition component which received the highest CPG Score, amino acid dose (2.05±0.64) was significantly greater than the lowest scoring PN component, vitamins (1.75±0.73, P<0.05). Applying ANOVA, the PN form was identified as an independent predictor of the CPG score, P<0.01, with a wide range of individual PN paper form CPG scores, 1.09±0.18-2.51±0.72 (Figure 2) . The average user-friendliness score was 1.6±0.6 and the estimated time for health care providers to complete the forms was 11.7±9.7 min per form. The CPG score was correlated with user-friendliness (r ¼ 0.72, P<0.05). One of the parenteral nutrition order forms did not have a specific entry area to order a lipid dose which was described as a notable deficiency. Cronbach's a scores for the six PN components ranged from 0.73 to 0.91. One of the reviewers singled out a specific paper PN order form to express 'concern' regarding the safety of a PN form because of the multiple manual computations, changing dosage units and confusing/complex instructions required to complete the form (Figure 3) .
Discussion
This report describes the clinical guidance content of printed neonatal PN paper order forms at nine moderate to large NICU in North Carolina. The average CPG score assigned by the expert reviewers for six major PN components was 1.85, a value representing at least a generic recommendation, but short of providing a specific entry field prompting health care provider to record a value. The highest CPG score for a PN component, amino acid, was greater than the CPG score for vitamins, indicating variability of CPG between nutrients. There was an association between higher CPG score and the user-friendliness score, suggesting that efforts invested to incorporate and clarify clinical recommendations for paper order forms produced clearer forms that were more intuitive for the health care provider to understand and complete. The finding that the PN form was an independent predictor of CPG score shows efforts to improve paper order form design, which improved the CPG content of the final patient nutrition order. As the neonatal clinical practice environment migrates to electronic physician order entry integrated with decision support, it is important to identify and transfer effective paper-based ordering principles and techniques to the electronic order entry process. 10, 11 Designing and preparing PN for VLBW infants is a complex task prone to error through manual completion of paper forms and manual nutrient volume computations. 12, 13 The observation that Figure 2 CPG described by parenteral nutrient and individual institution. This figure shows the mean CPG score along the y axis for each parenteral nutrient (Legend at bottom) from the highest scoring, amino acids, to the lowest scoring, vitamins. Also included are the mean scores for each institutional paper parenteral order form labeled from 1 to 9. Note that several forms frequently scored either above (forms no. 9 and no. 1) or below (forms no. 4 and no. 6] the overall average for the parenteral nutrient. Numbers were randomly assigned without correlation to the NICU listing of participating institutions. each institution internally developed a unique neonatal PN order form and the significant variation in design and CPG content indicates few standards have been developed to direct design of either neonatal PN paper order forms or electronic design interfaces. Incorporating numerous CPG features into new versions of paper neonatal PN order forms does not represent the best long-term solution. As more printed guidelines are added to the paper order form the form becomes cluttered to the point of creating confusion, possibly leading to more rather than fewer errors. 14 Migration to electronic patient order systems is the emerging model for neonatal nutrition design will eventually replace paper-form based systems. 15 Electronic physician order entry with real-time practice guidance 16, 17 represents the best long term solution for neonatal PN order design to reduce errors and risk of injury to VLBW infants. 18, 19 VLBW infants receiving intravenous PN were identified by Kaushal et al. 20 as one of the highest risk groups for medical error related injury because of their multiple complex intravenous infusions, narrow therapeutic range and low tolerance for pharmaceutical errors. Electronic order entry and design can significantly reduce medical errors 21, 22 and improve PN mineral content. 23 Merging neonatal PN design with complex ordering algorithms would be difficult using paper order forms, but is possible using electronic physician order entry. 24 There are several limitations to this study. First, the evaluation was conducted by a relatively small group of neonatal nutrition experts. Although the extensive review of Rowe and Wyatt 6 identified key factors of manual paper reminders to develop this survey; an independent evaluation of the survey as a study tool was not performed. Last, altering the scoring activity to evaluate the protocol using a more subjective and descriptive approach in which health care providers completed the forms and performed a critique of the paper order form completion process in real-time could have yielded procedural insights into the advantages and deficits of each form, possibly better reflecting decision-making formats during the process of designing neonatal PN.
In summary, an evaluation of neonatal PN paper order forms indicated they provide little CPG and may promote confusion for some practitioners. In view of the potential procedural and practical advantages, neonatal PN design will likely migrate to an electronic platform. Standards are needed to evaluate the clinical practice and decision support content of electronic neonatal PN systems as they are developed and implemented.
